Introduction
The chemical and antigenic composition of the influenza virus is probably more fully understood than that of any other virus which infects man. Although the influenza A virus was first isolated from man over 45 years ago, much of the detailed information on its structure and composition, which is essential for the full understanding of its immunological properties, has been obtained over the past 10 years by the application of the techniques of modem molecular virology. However, one cannot possibly overlook the importance to the study of influenza of the pioneering work on the immunological and epidemiological properties of the virus and its clinical manifestations, to which Sir Charles Stuart-Harris, in whose honour this series of papers in the Postgraduate Medical Journal is devoted, has contributed in such a significant way. It (McGeoch, Fellner and Newton, 1976 ; Palese and Schulman, 1976a (a) The nucleoprotein (NP) antigen
The NP which has a mol. wt of 55-60 000 daltons is closely associated with the RNA genome of the virus in the form of RNA-protein complexes (Pons et al., 1969) . The antigen is type specific, forming the basis for the classification of influenza viruses into types A, B and C (WHO, 1971) . Antibody to NP is a frequent component of the antibody re- (Skehel and Schild, 1971) . tHA-1 and HA-2 are synthetized as a single HA polypeptide which is later cleaved to HA-1 and HA-2 in egg-grown virus.
animals and its detection is widely used for diagnostic purposes. Early studies using complement-fixation tests and immuno-double-diffusion (IDD) suggested that the NP components of influenza A viruses of human, animal and avian origin were antigenically identical (Schild and Pereira, 1969; Schild, 1972) . However, more recent studies (Oxford et al., 1978a; Schild, Oxford and Newman, 1978) Oxford and Schild, 1976) . However, it is of interest that NP antigen has been demonstrated on the surface of cells infected with influenza A virus (Virelizier et al., 1977) and this antigen might be available for participation in antibody or cellmediated immunological events. Indeed, T-lymphocytes, cytotoxic for influenza A virus infected target cells can be detected in the spleens of mice immunized with purified NP antigens (F. Ennis and G. C. Schild, unpublished) .
The M protein is the most abundant component of the influenza virus particle and is situated just beneath the outer lipid envelope of the virus. Of the protein components of the virus particle the M protein has the lowest mol. wt (25000 daltons). Like the NP, the M protein is of type-specific antigenic specificity (Schild, 1972 (Dowdle et al., 1974a) .
Antibody to M protein does not induce protection against influenza-infected mice Oxford and Schild, 1976) . However, it has been shown (Webster and Hinshaw, 1977) that in mice immunized with influenza A, M protein 'cleared' influenza A virus more rapidly from their lungs but they developed pneumonia that was at least as severe as in non-immunized control mice. Biddison, Doherty and Webster (1977) (Schild, 1972) of antisera to the NP and HA antigens of influenza A virus.
Antigens: Throughout Fig. 1 (a-d) (Schild, Oxford and Newman, 1978) and that marked anti-HA contained goat serum to purified HA antigen of A/Hong Kong/68 (H3N2) virus. Wells marked CR(68) and SS(68) contained cross-reactive and strain-specific antibodies derived from immune goat serum to the HA of A/Hong Kong/68 (H3N2) virus as described by Schild, Oxford and Virelizier, 1976. (a) The reactions of antiserum to purified A/Port Chalmers/73 NP. It is seen that the two H3N2 viruses gave reactions of immunological identity, indicating that they contain antigenically common NP, whilst for A/PR8/34 virus and A/duck/Ukraine/6 virus 'spur' formation indicated antigenic differences between their NP antigens and those of the H3N2 viruses.
(b) The reactions of antiserum to purified A/Hong Kong/68 HA. 'Spur' formation indicates antigenic differences (antigenic 'drift') (Kilbourne, 1975; Stuart-Harris and Schild, 1976) and needs little description here. The HA is quantitatively the major surface glycoprotein (Skehel and Schild, 1971; White, 1974) . It is also the most important surface antigen, and anti-HA antibody has direct neutralizing activity on virus infectivity (Laver and Kilbourne, 1966) . The enzyme, neuraminidase, is also antigenic but antibody to NA does not efficiently neutralize virus infectivity. It does, however, inhibit the release of newly formed virus particles from infected cells (Webster and Laver, 1967; Dowdle, Downie and Laver, 1974b ).
Antibody to HA and NA are frequent components of the immune response to influenza Schild et al., 1976) and there is an extensive body of evidence-that the presence in human sera of antibody to HA and, to a lesser extent, antibody to NA, correlate with protection from influenza infection in man (Stuart-Harris and (Schild, 1970) (Webster and Laver, 1975; Kaplan and Webster, 1977) (Virelizier et al., 1974a; Laver, Downie and Webster, 1974; Schild et al., 1976) . This population of anti-HA antibody molecules has been termed 'cross-reactive' (CR). In addition, a further population of anti-HA antibody is relatively strain-specific (SS), reacting only with the HA antigens of the homologous or very closely related virus strains but not with the HA of antigenic variants showing considerable antigenic 'drift' from the homologous virus (see Fig. Ic and d) .
In mouse protection studies Virelizier (1975) found that CR antibody molecules were only weakly protective against influenza infection when passively administered to mice whilst SS antibodies conferred complete protection. Other studies Haaheim and G. C. Schild, unpublished) have shown that CR and SS antibodies differed considerably in their capacity to neutralize virus infectivity (Table 3) . In these investigations, IgG molecules of CR specificity were found to be 10-1000-fold less effective in virus neutralizing activity than was strain-specific IgG. It was shown by (Schild, Aymard-Henry and Pereira, 1972) . A measure of the specific activity of serum in virus neutralization tests is given by the ratio VN/SRDT. Antibody preparations obtained as described by Virelizier, 1976. Virelizier et al. (1974a) that antibody formation in mice to both CR and SS determinants was thymusdependentiequiring the helper effect of T-lymphocytes. However, the thymus dependence of SS antibody production was more pronounced than that of the CR population, since production of CR, but not of SS antibody, could be obtained after repeated immunization of thymectomized, X-irradiated, bonemarrow reconstituted (TXBM) mice. These studies indicated an indirect role of T-lymphocytes in antibody response to influenza virus HA. In contrast to the thymus dependence of antibody formation, the development of antigenic memory for HA antigens in mice was shown to be thymus-independent (Virelizier et al., 1974a; Virelizier, Allison and Schild, 1974b) . T-lymphocytes, at least in mice, appear to be essential in providing a 'triggering' mechanism to enable the transformation of primed HA antigen-primed B-lymphocytes into antibody secreting cells.
The term 'original antigenic sin' has been used (Davenport, Hennessy and Francis, 1953) to describe the phenomenon which occurs when sequential infection of a host occurs with 2 different but antigenically related strains of influenza A virus. The anti-HA antibodies produced as a result of the second ('booster') infection react more readily with the virus encountered in the first ('priming') infection than with the 'booster' virus which stimulated the response. Analysis of this system in mice (Virelizier et al., 1974b) (Virelizier et al., 1974a) . Further studies (Virelizier et al., 1974b) indicated that the secondary response was dependent upon B-lymphocytes.
Since CR and SS antibodies differ markedly in their protective properties as described above, this paradoxical 'recall' phenomenon may have important implications for immunity to influenza in man. In the interpandemic periods individuals are sequentially infected with successive variants of influenza A virus which arise as a result of antigenic 'drift'. The 'priming' effect of infection with the first encountered member of a series of antigenic variants may 'condition' the immunological system so that when later variants are encountered, the antibody response includes production of anti-HA antibody of CR specificity and, in addition, SS antibody directed against the SS determinants to the HA of the first strain. This latter antibody would be redundant in its protective effect. Evidence that this situation actually occurs during natural influenza infection in man has been recently obtained (Oxford, Schild and Jennings, 1978b Ennis et al., 1977) , contribute to such unexplained protection remains to be established.
